Background: Population growth and the expansion of cities together with an increase in environmental pollution from human activity create non-principled changes in vegetative cover and land use in forestland built-up areas and agricultural land and increase the exertion of non-principled land productivity methods.
Introduction
Rapid urbanization has led to dramatic changes in land use practices. The growth can expand new residential developments and damage the surrounding areas and lead to urban sprawl (Torre et al., 2014; Nanda and Yeh, 2014; Hosseini et al., 2010) . The incompatibility between the amount of land for inhabitants of agricultural areas around a city and that for urban inhabitants is the obvious result of such change (Palermo, 2014) . Agricultural land surrounding cities play an important role in providing food security and income for the rapidly-growing urban population (Pathirana et al. 2014) . The expansion of the ecological footprint of cities challenges the foundations of sustainable development.
Land use/land cover (LULC) change is important for social, economic and regional development and environmental change (Chen et al., 2013; Barsimantov & Navia Antezana, 2012; Zhang et al., 2010; Klosterman, 2008) . Urban management must develop urban regions to meet public needs and benefit the current and future residents of cities and the areas surrounding them. Tools should be provided for the regional control of cities (Carvalho Ribeiro et al., 2013) . Traditional methods and large-scale precision land surveying on the ground is expensive and time-consuming and, in some cases, impossible. New tools and methods are necessary in such cases. Remote sensing technology offers high spatial resolution and is a valuable mechanism for the monitoring, diagnosis, identification and zoning of natural resources, especially in land-use mapping (Tan et al., 2015) . Remote sensing digital images provide updated information and comprehensive views and use different parts of the electromagnetic spectrum to record characteristics of the area under study (Antwi et al., 2014; Fonji and Taff, 2014) . The repetitive land covers, speed and variety of data types are of great value (Mabwoga and Thukral, 2014) .
Remote sensing is the major source of data and is used in the study of areas with urban or manmade characteristics, landscapes and natural environments (Peled and Gilichinsky, 2013; Ye and Fang, 2011; Bhatta et al., 2010; Pelorosso et al., 2009) . In combination with GIS techniques such as the Markov chain model, it provides a device for monitoring spatial development to increase understanding of current trends of development. It can be used to estimate development of a city and to implement necessary control measures. Understanding the proportion of land use and its changes over time is essential for planning and development of control measures.
Study area
Gorgan is the provincial capital of Golestan province and a major center of economic, social and cultural life in the province and in Iran. The National Physical Plan has shown that in the past decade, the urban network of Gorgon, like the rest of the country, is population absorbent and vulnerable to improper development of urban spaces (Mirali-Katouli, 2002) .
Gorgan sits in the western part of the province at an average altitude of 155 m. It is located at 24°54′ east longitude and 49°36′ north latitude on the northern slopes of the Alborz mountain range. The area south of Gorgan overlooks forested mountains adjacent to the major highway to the north. The growth and expansion of the city is greater along the highway. The heights to the south and southwest of the city are major physical barriers to the development of the city in these directions ( Figure 1 ) (Varasteh Moradi 1997) .
The Gorgan and Gonbad plains are major agricultural regions and the city is expanding into the fertile farm land. The dense forests are subject to heavy rainfall that has leached salinity from the soil, which makes it excellent for farming (Shahkohi, 1999) . The forestland soil in these areas is composed of humus and is quickly used in cleared areas. Some forestland is composed of loess and are appropriate are for pasture land. The alluvial plains contain the remnants of torrential rivers and features clay soil in some areas. Soil salinity has gradually increased in this area and agricultural products are cultivated using irrigation. The slope of these lands is less than 1% (Gorgan Watershed 2001 continue in the future (Iran Statistical Center, 2013) . A realistic assessment is that it will reach 341,858 by 2023. It is clear that with such population growth will place a large number of new demands for built-up areas.
Methodology
A comparison of the post-classification method was used to measure change the level of LULC types, especially residential and built-up areas. Land use was classified into six types. This method minimizes measurement and environmental atmospheric effects in the multi-temporal images and provides a complete matrix of the change information. The present study provides a map of the severity of change (change or lack of change).
A combination of methods for image subtraction and principal components analysis and the division of images and principal components analysis were used to achieve exact results since the application of only one method limits the precision of the results. Principal components analysis cannot be considered for the purpose of research because information on LULC change will not appear for only one component (Trincsi et al., 2014; Gong et al. 2015) .
Maps of LULC change were developed using a combination of methods and by overlapping of different information layers. TM and ETM images from the study area in 1991 and 2013 years were first prepared. Then a topographic map of the area was corrected and coordinated using selected ground control points (37 points). Atmospheric changes were rectified using the atmospheric and topographic correction (ATCOR3) method (Balthazar et al., 2012) and had a root mean square error (RMSE) of 0.33. Interpolation of the images was performed using the nearest neighbor algorithm. Examples of different types of the LULC classes (forestland, agriculture, built-up areas, unused land and other lands) were specified on area images and classified using spectral angle mapping. This method uses the angle between components or spectral members for classification and the angles of individual pixels relative to the position of the training pixels according to Eq (1):
where θ is the angle between the reference spectral member and the intended spectral member; r is the reference spectral value; and p is the intended pixel spectral value (Lillesand et al., 2008); Schott, 2007; Richards and Jia 2006) .
Markov chain analysis
Markov properties or characteristics are characteristics of random processes in which the conditional probability of a future event depends only on the most recent incident (the present event) and not on past events. In mathematics where X(t), and t > 0 is a stochastic process with the Markov property (Gong et al., 2015; Aurbacher and Dabbert, 2011; Eksler, 2008) , then Eq.2:
In discrete time for a process like {X n |n ∈ N} with Markov properties, the result is {P{Xn + |1Xn = xn}. Such processes are usually addressed using a Markov chain (Feitosa et al., 2011) . Markov chains model probable forecasts of stochastic processes where the future state of a system depends on its current state (Thompson & Waddington, 2014; Guan et al., 2011) . A first-order Markov chain is a suitable statistical model to evaluate and predict two-state events (occurrence or non-occurrence) which can be used to provide a clear framework for ideas and data and the combination and modulation of them. It can be used to predict and evaluate different scenarios for LULC change, to formulate parameters and variables and perceive patterns and their correlations (Yang et al., 2012; Kamusoko et al., 2009 ). The first-order Markov model assumes that, to predict the state of a system at time t + 1, it is sufficient to know the state at time t.
The model is based on the transfer matrix (p), which indicates the possibility of change of two types of cover (i and j) relative to one another over a period of time. This matrix is calculated by comparing the classification of the images from 1991 and 2013. The future state of a system at t + 1 can be calculated through the transfer matrix at the current state of the system (xt) as t + 1. The system at time 2 + t is xt + 2 = xt + 1. p = xt pp = xtp2. At time t + k, it is calculated as xt + k = xt pk (Haibo et al., 2011; Meyn and Tweedie 2009) . Since any change in the system eventually leads to a stable state (no perceptible change and stability over time), the state of the system in the steady state (π) is calculable as Eq. 3:
where π is the potential vector state (in relative amounts) and P is the transition matrix (Meyn and Tweedie 2009).
Since the type of LULC in the region evolves and changes, the stability of the approximate total area of land use and increases or decreases in the area of one type of land use will lead to an increase or decrease in other types. Possible transforms between the three major types of land use in the study area (forestland, agricultural, built-up areas) is shown in Figure 2 with six modes of conversion (forestland to built-up areas forestland to agriculture; agriculture to built-up areas; agriculture to forest; built-up areas to agriculture; built-up areas to forestland):
In practice, some conversions, like the conversion of built-up areas to agricultural or built-up areas to forestland, rarely occur. For the purposes of this study, three dominant states of conversion and transfer of land use is most common. Environmentally, the changes are alarming and must be modeled and studied. Figure 3 shows these three changes from forestland to built-up areas, forestland to agriculture and agriculture to built-up areas. Table 2 shows the value of the six classes. In class 1, for agricultural land for the smallest pixel size (94.21 units), the amount of change was 63.14%. In class 6, with the largest pixel size of 8317.16, the amount of change was 9.14%. The southeastern areas and north of the city of Gorgan showed the most change. Distances further from the city, especially on both sides of the main highway has not been previously studied well. The determination coefficient between the sizes of the plots and the degree of conversion to built-up areas was estimated to be 0.93. The smallest pixel size (54.18 units) for forestland showed a change of 94.34%; for the maximum pixel size of 2764.79, the amount of change was 7.71%. Table 3 shows the results of the relationship between the conversion of agricultural land and distance from the built-up areas in the different classes. The conversion rate is greater for classes nearer built-up areas and decreases as the distance increases. Table 3 shows that at an average distance of 426.59 m from built-up areas, the conversion rate in class 1 of agricultural land was 1864 pixels and for forestland was 5174 pixels and in class 2 was 1826 and 2313 pixels, respectively, illustrating the decreasing trend. The correlation rate between distance and conversion of agricultural land has a 0.86 coefficient of determination, which indicates a meaningful relationship between these two variables.
Results
The results of Markov chain analysis indicates that when other terms and conditions are held constant, the current conversion rate from agricultural and forestland to built-up areas will decrease the amount of these types of land use 3.2% and 4.1%, respectively in 10 years. The transfer and projected transfer between built-up areas, agricultural and forestland, respectively, for 1991 was 18.7%, 39%, and 42.3%, for 2013 was 31.1%, 34.9%, and 35.5% and for 2023 will be 36.2%, 29.9%, and 29%. This represents an increase of the size of the urban area and a decrease in agricultural and forestland ( Figures 6, 7 and 8) .
Population growth and urban development that is rural in nature has increased the urbanization of agricultural and forestland. The influence of urban areas around and adjacent to commercial centers were studied for the province of Gorgan. Because the agricultural land in the area is of high grade and the forested areas have scenic beauty and resources, the conversion of agricultural and forestland around the urban center of the Figure 6 Forestlands of importance from the viewpoint of the risk of change into built-up areas within the next ten year period (2013) (2014) (2015) (2016) (2017) (2018) (2019) (2020) (2021) (2022) (2023) .
province cannot be equated with urban sustainable development indicators.
The relationship between the conversion of agricultural and forestland based on the size and distance from built-up areas was examined. Non-normative changes in vegetation and land use in built-up areas, agricultural and forestland, especially from 1997 onwards, indicate that the need to investigate the relationship between LULC changes in the area and assess the impact of urban development on these lands is twice what it would be for urban areas in less sensitive locations. The historic and confined nature of the city influenced the predictions for 2020. The predicted conversation to built-up areas from agricultural and forestland will increase 51.35 ha and 43.79 ha, respectively for this time period. The absence of linear growth and concentration of population in developing urban areas means that more accurate statistics on this conversion in the coming years will be greater than the estimated figures.
Conclusion
The employment of LULC change detection methods using satellite imagery and the analytical functions of distance and size in the GIS environment can help determine the process and pattern of significant changes in LULC. A good example of this is deforestation and the conversion of agricultural land to built-up areas. The identification of changes in the supervision and management of urban development should play a major role in the determination of principle policies for future land.
The horizontal expansion of the city of Gorgan includes factors such as military land use. The size of the land use . Other factors influencing horizontal development of Gorgan are the change in land use and housing policies in the southern areas of the city, population migration after the 1979 revolution and ambiguity in the city codes and regulations after ratifications of the findings of the five-article plan for 2001 to 2006. The result was that more than 455 ha of agricultural and forestland to the south of the city was approved for urban development by the commission.
Mismanagement of tourist projects near forested areas in Naharkhoran, uncontrolled immigration, the high percentage of unnecessary LULC that increased the amount of unused land, urban and rural integration and the horizontal expansion of villages in Gorgan province are factors contributing to uncontrolled LULC.
The model results for 2013 showed a decrease in the level of forestland and agricultural land use from 1999, 5.1% and 3.6%, respectively. It is imperative to find a solution to prevent this undesirable trend of conversion and destruction of forestland and agricultural land use. The present study presents an experimental model that clearly predicts the rates of LULC change and explains these changes. The model is experimental; thus, it is important to confirm how closely it has predicted the nature of development and changes over time. It must be determined how accurately past change can be used to predict future change.
The results of this study reveal the patterns and reasons behind changes in LULC in the past, present and future and provide an appropriate perspective for planners when managing land use. These results can be applied to assess the effects of development, evaluate the cumulative effects of projects, and identify vulnerable zones and aid in their reclamation. Finally, the results can be used to implement projects to decrease the effects of the destruction of forestland and agricultural land that will decrease greenhouse gas emissions and conserve the biodiversity of the area.
Gorgan is the provincial center and offers social, tourist, economic, industry attractions. It dominates the region because it is located between the flat plains to the north and the forested areas to the south and is adjacent to agricultural areas. The effects of city expansion are great and require systematic and planned development of the city. Programs to monitor activities that exploit forested areas and expand construction in the region, especially for the tourist and recreational area in Naharkhoran, is essential. Land use planning must take into consideration to prevent the destruction of agricultural land and forested areas around the city. This type of planning will affect the future of agricultural production, timber production, and recreational and leisure activities. It is evident that the regulation and monitoring of urban development projects and settlements must be the result of careful and consistent planning.
